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(57) ABSTRACT 

The subject invention provides a heat treating assembly. The 
heat treating assembly comprises a laser, a substrate, and a 
tool. The laser emits laser energy directed toWard the sub 
strate and the tool. The substrate absorbs the laser energy 
and produces heat energy Within the substrate that alters the 
substrate. The tool is disposed in removable contact With the 
substrate to conduct the heat energy aWay from the substrate 
to limit the altering of the substrate. Preferably, the tool has 
a thermal conductivity greater than that of the substrate and 
is more preferably a copper material, a gold material, a silver 
material, or an aluminum material. 
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HEAT TREATING ASSEMBLY AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The subject invention relates to a heat treating 
assembly and a method for altering a de?ned area of a 
substrate With laser energy. 

[0003] 2. Related Art 

[0004] Various heat treating assemblies are known to those 
skilled in the art that employ lasers and that use laser energy 
to treat a substrate. One draWback of treating the substrate 
With the laser is that once the laser emits the laser energy as 
a beam, it is dif?cult to restrict the energy to an area of 
treatment. The laser energy once absorbed by the substrate 
has a tendency to be conducted by the material of the 
substrate to regions beyond the areas directly exposed to the 
laser energy. This conduction makes it dif?cult it to precisely 
control the area of treatment. KnoWn laser treatment systems 
also employ a relatively narroW beam of light in relation to 
the area to be treated in an effort to control the application 
of the laser energy to the desired area. Such a thin beam 
approach commonly requires that multiple passes (knoWn as 
rastering) be made in a pattern scanning the area from side 
to side in lines from top to bottom. This approach is compleX 
and costly, especially When there are multiple areas to be 
scanned and still does not avoid the problems associated 
With the controlling of the conduction of the laser energy 
beyond the intended target area near the boundaries. 

[0005] Cross-sectional vieWs of substrates 10, 12 that have 
been treated in accordance With the prior art methods are 
illustrated in FIGS. 1 and 2. The substrates 10, 12, after 
being treated With the laser, Were sectioned and mounted for 
vieWing to observe the alteration of the substrates 10, 12. 
Each of the substrates 10, 12 include a horiZontal surface 14 
and a vertical surface 16. The substrates 10, 12 Were treated 
to harden the horiZontal surface 14 While the vertical surface 
16 Was not to be hardened. The laser energy Was focused on 
the horiZontal surface 14, but once the substrates 10, 12 
absorbed the laser energy, the heat generated Was conducted 
from the horiZontal surface 14 to the vertical surface 16. The 
conduction of the heat energy results in the vertical surface 
16 being hardened, Which may be detrimental to the use 
fulness of the substrates 10, 12. As shoWn in FIGS. 1 and 
2, the treated area slopes doWnWardly from the horiZontal 
surface 14 toWard the vertical surface 16. 

[0006] The substrate 10 in FIG. 1 may be, for eXample, a 
steel piston and the horiZontal surface 14 to be hardened may 
be a groove on the steel piston. The vertical surface 16 of the 
steel piston, if repeatedly stressed, may be prone to fatigue 
and possible failure as a result of being heat treated and 
hardened from the conduction of heat beyond the desired 
area. Prior art FIG. 2 illustrates another eXample in Which an 
iron scraper ring is provided as the substrate 12 having the 
horiZontal surface 14 to be treated. Again, the heat energy 
has been conducted from the horiZontal surface 14 to the 
vertical surface 16 and the vertical surface 16 has been 
detrimentally hardened. For the same reasons stated above, 
it is disadvantageous to have the vertical surface 16 hard 
ened. 

[0007] Yet another disadvantage of the related art methods 
and assemblies is that the substrate has a tendency to be 
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distorted after it has been treated. The surface areas of the 
substrate have stresses such that treatment of the areas 
increases the stresses and the substrate can become distorted. 
As an eXample, a piston ring has stresses as a result of the 
shape of the piston ring. When the piston ring is treated With 
the related art methods and assemblies, the piston ring has 
a tendency to bend and become distorted. 

SUMMARY OF THE INVENTION 

[0008] The subject invention provides a heat treating 
assembly for altering a de?ned area of a substrate. The 
assembly comprises a laser operative to emit laser energy 
toWard the eXposed de?ned area and a tool. The tool is 
disposed in removable contact With the substrate adjacent 
the de?ned area. The tool has a thermal conductivity greater 
than that of the substrate to conduct the heat energy aWay 
from the de?ned area that results from the substrate absorb 
ing the laser energy. 

[0009] The subject invention also provides a method of 
altering the de?ned area of the substrate With laser energy 
from the laser. The method comprises providing the sub 
strate, providing the tool, and disposing the tool in remov 
able contact With the substrate. The tool conducts the laser 
energy aWay from the de?ned area and limits the altering of 
the substrate beyond the de?ned area. 

[0010] Accordingly, the subject invention provides an 
assembly and a method that overcomes the inadequacies that 
characterize the related art. Speci?cally, the subject inven 
tion utiliZes the tool to limit the altering of the substrate by 
conducting heat energy aWay from the substrate. Therefore, 
the heat energy precisely alters the de?ned area Without 
altering additional areas of the substrate unintentionally. 
With reference to the related art eXamples described above, 
the subject invention ensures little or no unintentional alter 
ing of the vertical surface occurs. Only the desired area is 
hardened Which decreases the likelihood that the substrate 
may fail. The tool also reduces the time and cost required to 
alter the desired area. The laser does not have to be precisely 
controlled While being scanned and the area can be treated 
With a single pass of a line of light-type laser. The subject 
invention further provides that the tool minimiZes distortion 
of the substrate as a result of being treated. 

THE DRAWINGS 

[0011] These and other advantages of the present inven 
tion Will be readily appreciated as the same becomes better 
understood by reference to the folloWing detailed descrip 
tion and accompanying draWings Wherein: 

[0012] FIG. 1 is a cross-sectional vieW of a substrate 
treated using a prior art method; 

[0013] FIG. 2 is a cross-sectional vieW of another sub 
strate treated using a prior art method; 

[0014] FIG. 3 is a perspective vieW of a heat treating 
assembly according to the subject invention having the tool 
being generally rod shaped; 

[0015] FIG. 4 is a perspective vieW of the heat treating 
assembly having the tool being generally rectangular 
shaped; 
[0016] FIG. 5 is a cross-sectional vieW of the substrate 
shoWn in FIG. 3 having altered a horiZontal surface; and 
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[0017] FIG. 6 is a cross-sectional vieW of the substrate 
shown in FIG. 4 having altered a horizontal surface. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] A heat treating assembly is illustrated generally at 
20 in FIG. 3. The heat treating assembly 20 comprises a 
laser 22, a substrate 24, and a tool 26. The laser 22 emits 
laser energy 28 directed toWard the substrate 24 and the tool 
26. The substrate 24 absorbs the laser energy 28 and heat 
energy alters the substrate 24. The substrate may be altered 
in various Ways, such as, but not limited to, etching, mark 
ing, annealing, precipitation hardening, and the like. 

[0019] Various lasers 22 emit laser energy 28 having 
various Wavelengths depending upon the type of laser. The 
laser 22 may be a solid state laser, a gas laser, an excimer 
laser, a dye laser, or a semiconductor laser. Illustrative 
examples of solid state lasers include, but are not limited to, 
ruby-type lasers and neodymium:yttrium-aluminum garnet 
type (NdzYAG) lasers. The NdzYAG lasers typically produce 
the laser energy 28 having a Wavelength of about 1,064 
nanometers. Illustrative examples of the gas lasers include, 
but are not limited to, helium-type lasers and carbon diox 
ide-type lasers. The carbon dioxide-type lasers typically 
produce laser energy 28 having a Wavelength of about 10.6 
microns. The Illustrative examples of excimer lasers 
include, but are not limited to, reactive gas- and inert 
gas-type lasers. Dye lasers use complex organic dyes as 
lasing media and may include, but are not limited to, 
rhodamine 6G. Semiconductor lasers include diode-type 
lasers. In the preferred embodiment, the laser 22 is a 
diode-type laser that has a poWer of from 500 Watts to about 
10 kiloWatts, preferably from 500 Watts to 5 kiloWatts, and 
more preferably from 800 Watts to 2 kiloWatts. Diode-type 
lasers are commercially available from Nuvonyx and Ro?n 
Sinar. 

[0020] The laser 22 may emit the laser energy 28 as either 
a beam of light (not shoWn) or a laser line of light 30. Those 
skilled in the art recogniZe that the beam of light is thin and 
narroW, Whereas the line of light 30 is Wider and thicker. The 
laser line of light 30 is able to cover a larger area When 
scanned relative to the beam of light, although a similar 
effect is achieved With a narroW beam using beam scanning 
optics, for example a galvo mirror. Preferably, the laser 22 
emits the laser energy 28 as the laser line of light 30. The 
laser line of light 30 has a Wavelength of from 500 nanom 
eters to 1000 nanometers, preferably from 650 to 900 
nanometers, and more preferably from 750 to 850 nanom 
eters. The preferred diode-type laser 22 produces the laser 
energy 28 having a Wavelength of 808 nanometers. The laser 
line of light 30 preferably has a Width of from 0.1 millime 
ters to 1 millimeters and a length of from 5 millimeters to 20 
millimeters. More preferably, the laser line of light 30 has a 
Width of about 1/2 millimeter and a length of about 10-12 
millimeters. 

[0021] The substrate 24 has a de?ned area 32 that is 
exposed to the laser energy 28 to be altered. For example, the 
de?ned area 32 may include an entire face of the substrate 
24 or only a portion of the face. The de?ned area 32 may also 
include an exposed edge 34 of the substrate 24, as shoWn in 
FIGS. 4 and 5. The de?ned area 32 may be any siZe and any 
location on the substrate; hoWever, there is typically a 
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corresponding area 33 adjacent the de?ned area 32 that is not 
to be altered. Preferably, the substrate 24 is formed of a 
material different than the tool 26. The substrate 24 may be 
any type of metal material that is to be altered, but the 
substrate 24 is preferably an iron containing material. The 
substrate 24 may be various shapes and siZes depending 
upon the application of the substrate 24. Examples of the 
substrate 24 include, but are not limited to, piston rings, 
electrodes, engine blocks, brake rotors, and the like. FIG. 3 
illustrates the substrate 24 as a plate having an exterior front 
surface 36 and generally rectangular shaped. The front 
surface 36 de?nes a plurality of holes 38 disposed therein. 
FIG. 4 illustrates the substrate 24 as a bar having the exterior 
front surface 36 and being generally rectangular shaped. 

[0022] The tool 26 comprises at least one of a copper 
material, a gold material, a silver material, or an aluminum 
material. Preferably, the tool 26 includes the copper material 
or the aluminum material and most preferably includes the 
copper material. The tool 26 may be various shapes and siZes 
depending upon the application of the substrate 24. Typi 
cally, the tool 26 Will be siZed based upon the siZe of the 
de?ned area 32 and the area 33 to remain unaltered. In other 
Words, the tool 26 may have a different shape depending 
upon the shape of the substrate 24, so long as the tool 26 is 
in removable contact at the boundary betWeen the de?ned 
area 32 and the area 33 not to be treated. 

[0023] The tool 26 has a thermal conductivity greater than 
that of the substrate 24. The difference in thermal conduc 
tivity alloWs the tool 26 to conduct the heat energy generated 
Within the substrate 24 aWay from the de?ned area 32. 
Preferably, the thermal conductivity of the tool 26 is greater 
than 150 W/m K and more preferably greater than 200 W/m 
K. The copper material has a thermal conductivity of 400 
W/m K and the aluminum material has a thermal conduc 
tivity of 235 W/m K. 

[0024] In order for the tool 26 to effectively conduct heat 
energy aWay from the substrate 24, the tool 26 should absorb 
little or no laser energy 28. The tool 26 has a re?ectivity 
greater than the substrate 24 and preferably a re?ectivity of 
at least 65% at a Wavelength of 1000 nanometers. The 
copper material has a re?ectivity of 90% at a Wavelength of 
1000 nanometers and the aluminum material has a re?ec 
tivity of 71% at a Wavelength of 1000 nanometers. The tool 
26 preferably has an exterior surface parallel to the exterior 
surface of the substrate 24 to block the laser energy 28 from 
being absorbed by the substrate 24. The parallel surfaces of 
the tool 26 re?ect the laser energy 28 aWay from the 
substrate 24. 

[0025] In operation, the tool 26 is disposed in removable 
contact With the substrate 24 and adjacent the de?ned area 
32. The laser 22 emits the laser energy 28 toWard the 
substrate 24 and the tool 26. The laser 22 is scanned across 
the de?ned area 32. If a beam of light-type laser is 
employed, then the laser 22 may be repeatedly scanned 
across the desired area until the laser 22 has scanned the 
entire area, i.e., rastered. Alternatively, and preferably, if a 
laser line of light-type laser is employed, then the laser 22 
may be scanned in a single pass and may cover not only the 
de?ned area 32, but may lap into the adjacent area 33 Which 
is shielded by the tool 26. It is preferred that the laser line 
of light 30 is long enough to cover the de?ned area 32 in a 
single pass. HoWever, the laser 22 may scan multiple passes 
to cover the de?ned area 32. 



US 2006/0049157 A1 

[0026] The laser energy 28 that reaches the substrate 24 is 
absorbed and generates heat energy in the applied regions 
(de?ned area 32) of the substrate 24. The applied laser 
energy 28 that laps beyond the de?ned area 32 into the 
adjacent area 33 is re?ected or shielded by the overlying tool 
26, and as such the adjacent area 33 is unaffected by the 
direct application of the laser energy 28. The substrate 24 
has a pre-treated microstructure (i.e., the microstructure 
prior to being exposed to the laser energy 28). The heating 
of the de?ned area 32 causes a desired change in the 
microstructure after exposure (i.e., the de?ned area 32 has a 
post-treated microstructure that is different from the pre 
treated microstructure of the remainder of the substrate 24) 
Whereas the microstructure of the adjacent area 33 is 
unchanged from the initial application of the heat energy 28 
to the substrate 24. As the heat energy 28 is developed in the 
de?ned area 32 as a result of the application of the heat 
energy, there is a natural tendency for the heat to be 
conducted through the substrate 24 toWard the adjacent area 
33, Which is cooler and Would serve as a loW energy heat 
sink. HoWever, this conduction path is interrupted by place 
ment of the tool 26 in removable contact With the adjacent 
area 33. The tool 26 is selected to have a thermal conduc 
tivity greater than that of the substrate 24, and particularly 
the adjacent area 33, and as the heat approaches the adjacent 
area 33 it is draWn by the tool 26 out of the substrate 24, 
thereby protecting the adjacent area from alteration by the 
heat energy. The subject invention thus precisely controls 
the conduction path of the heat energy through the substrate 
24 through usage of the tool 26 that, When placed in 
removable contact With the adjacent area 33, conducts the 
heat energy aWay from the boundary region betWeen the 
de?ned area 32 and the adjacent area 33 thereby limiting the 
effects of the applied laser energy to just the de?ned regions 
32. 

[0027] When the de?ned area 32 includes the exposed 
edge 34, such as surrounding the holes 38 in FIG. 3 and at 
the corner of the adjacent faces in FIG. 4, the tool 26 may 
be disposed immediately adjacent the exposed edge 34 and 
preferably in contact With the vertical surface 46. The 
relatively higher conductivity of the material of the tool 26 
serves to conduct the heat energy out of the substrate and 
prevents heat energy build-up near the edge 34 and the 
vertical surface 46, protecting these regions against alter 
ation from the heat energy. 

[0028] In the embodiment shoWn in FIG. 3, the tool 26 
includes four metal rods 40 that are removably inserted 
and/or embedded into the holes 38 of the substrate 24. The 
de?ned area 32 of the plate is the exterior front surface 36 
of the plate. The rods 26 are disposed in direct contact With 
the Walls of the holes 38 and act to conduct heat aWay from 
the Wall surfaces of the holes 38 to shield these surfaces 
against alteration from the applied heat energy. The 
unshielded front surface 36 of the plate is heated and altered 
by the applied heat energy Which may result in the heat 
affected area 36 being hardened by the heat energy, While the 
unaffected regions of the holes 38 remain in their original 
pre-heat treated condition and thus may have a hardness less 
than that of the heat-affected area 36. 

[0029] FIG. 5 is a cross-sectional vieW taken along line 
5-5 in FIG. 3. FIG. 5 is an illustration of a micrograph of 
the substrate 24 after treatment. The substrate 24 has the 
de?ned area 32, shoWn as a horiZontal surface 44, treated 
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and the remainder 33 of the substrate 24 not treated. The 
de?ned area 32 has the altered microstructure While the 
microstructure of the remainder 33 is the same. Further, a 
vertical surface 46 of the substrate 24 has not been altered 
since the tool 26 conducts heat aWay from the vertical 
surface 46. The altered area 32 slopes upWardly toWard the 
edge 34 and the contact betWeen the tool 26 and the substrate 
24. 

[0030] In the embodiment shoWn in FIG. 4, the tool 26 has 
a slot 42 shaped to receive the rectangular bar. The de?ned 
area 32 of the bar is the exposed face of the bar, While the 
sides are the areas 33 not to be treated. The tool 26 conducts 
the heat aWay from the sides to limit the altering of the other 
faces 

[0031] FIG. 6 is a cross-sectional vieW taken along line 
6-6 in FIG. 4. FIG. 6 is an illustration of a micrograph of 
the substrate 24 after treatment. Again, the de?ned area 32 
is the horiZontal surface 44 and the tool 26 is in contact With 
the vertical surfaces 46. The altered area 32 has been limited 
to the horiZontal surface 44, While the vertical surfaces 46 
have been shielded by the tool and are unaffected by the 
applied heat. As can be seen, the altered area curves 
upWardly toWard the edge 34 and the contact betWeen the 
substrate 24 and the tool 26. 

[0032] After the laser 22 scans the substrate 24 and the 
tool 26, the substrate 24 and the tool 26 are separated. The 
substrate 24 may then be ?nished depending upon the 
particular requirements for the substrate 24. One advantage 
of the subject invention is that it enables loWer grade alloys 
to be used for substrate material in place of higher grade 
alloys, since the regions of the substrate calling for the 
properties of the higher grade alloys can be developed 
through the targeted heat treatment of those areas, While the 
surrounding regions can remain unaffected. Moreover, there 
may be applications Where a high hardness is called for in 
some areas of the substrate, While such a high hardness 
Would be detrimental to areas immediately adjacent the 
desired high hardness areas. According to the invention, the 
higher hardness properties can be developed in the desired 
regions through targeted application of the laser heat energy, 
While the adjacent loWer hardness regions can be protected 
against modi?cation by the heat energy through shielding by 
the tool. 

[0033] Obviously, many modi?cations and variations of 
the present invention are possible in light of the above 
teachings. The invention may be practiced otherWise than as 
speci?cally described Within the scope of the appended 
claims. 

What is claimed is: 
1. A heat treating assembly comprising: 

a laser operative to emit laser energy; 

a substrate having a de?ned area exposed to said laser 
energy to alter said de?ned area of said substrate; and 

a tool disposed in removable contact With said substrate 
adjacent said de?ned area and having a thermal con 
ductivity greater than that of said substrate to conduct 
heat energy aWay from said de?ned area. 

2. An assembly as set forth in claim 1 Wherein said 
substrate is formed of a material different than said tool. 
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3. An assembly as set forth in claim 2 wherein said tool 
has a thermal conductivity of greater than 150 W/m K. 

4. An assembly as set forth in claim 1 Wherein said tool 
has a re?ectivity greater than said substrate. 

5. An assembly as set forth in claim 4 Wherein said tool 
has a re?ectivity of at least 65% at a Wavelength of 1000 
nanometers. 

6. An assembly as set forth in claim 1 Wherein said 
substrate is further de?ned as an iron containing material. 

7. An assembly as set forth in claim 1 Wherein said de?ned 
area has a microstructure that is modi?ed as a result of 

exposure to said laser energy. 
8. An assembly as set forth in claim 7 Wherein said de?ned 

area further includes an exposed edge. 
9. An assembly as set forth in claim 8 Wherein said tool 

is disposed immediately adjacent said exposed edge to limit 
the altering of said microstructure to said de?ned area and to 
prevent heat energy build-up near said edge. 

10. An assembly as set forth in claim 7 Wherein said 
de?ned area absorbs said laser energy and produces heat 
energy that modi?es said microstructure. 

11. An assembly as set forth in claim 1 Wherein said tool 
has an exterior surface parallel to said exterior surface of 
said substrate. 

12. An assembly as set forth in claim 1 Wherein said tool 
comprises at least one of a copper material, a gold material, 
a silver material, or an aluminum material. 

13. An assembly as set forth in claim 1 Wherein said laser 
is further de?ned as a diode-type laser. 

14. An assembly as set forth in claim 13 Wherein said 
diode-type laser emits a laser line of light to produce said 
laser energy. 

15. An assembly as set forth in claim 14 Wherein said laser 
line of light has a Wavelength of from 500 nanometers to 
1000 nanometers. 

16. An assembly as set forth in claim 15 Wherein said laser 
line of light has a Width of from 0.1 millimeters to 1 
millimeters and a length of from 5 millimeters to 20 milli 
meters. 

17. An assembly as set forth in claim 1 Wherein said laser 
has a poWer of from 500 Watts to about 10 kiloWatts. 

18. Amethod of altering a de?ned area of a substrate With 
laser energy from a laser, said method comprising the steps 
of: 

providing a substrate having a de?ned area exposed to the 
laser energy; 

providing a tool having a thermal conductivity greater 
than that of the substrate; and 

disposing the tool in removable contact With the substrate 
and adjacent the de?ned area to conduct heat energy 
aWay from the de?ned area and to limit the altering of 
substrate beyond the de?ned area. 
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19. Amethod as set forth in claim 18 further including the 
step of emitting the laser energy from the laser toWard the 
substrate and the tool to alter the de?ned area. 

20. Amethod as set forth in claim 19 further including the 
step of scanning the laser across the de?ned area. 

21. Amethod as set forth in claim 20 further including the 
step of separating the substrate and the tool after the laser 
has been scanned. 

22. A method as set forth in claim 20 Wherein the step of 
scanning the laser is further de?ned as scanning the laser 
across the de?ned area in a single pass. 

23. A method as set forth in claim 20 Wherein the step of 
emitting the laser energy is further de?ned as emitting the 
laser energy as a laser line of light from a diode-type laser. 

24. A method as set forth in claim 23 Wherein the step of 
emitting the laser line of light is further de?ned as emitting 
the laser line of light having a Width of from 0.1 millimeters 
to 1 millimeters and a length of from 5 millimeters to 20 
millimeters. 

25. A method as set forth in claim 23 Wherein the step of 
emitting the laser line of light is further de?ned as emitting 
the laser line of light having a Wavelength of from 500 
nanometers to 1000 nanometers. 

26. A method as set forth in claim 18 Wherein the step of 
emitting the laser energy is further de?ned as emitting the 
laser energy having a poWer of from 500 Watts to about 10 
kiloWatts. 

27. A method as set forth in claim 18 Wherein the step of 
providing the substrate having the de?ned area further 
includes the step of providing the de?ned area having an 
exposed edge immediately adjacent the tool such that the 
tool prevents heat energy build-up near the edge. 

28. A method as set forth in claim 18 Wherein the step of 
disposing the tool in removable contact With the substrate is 
further de?ned as embedding the tool Within the substrate. 

29. A method as set forth in claim 18 Wherein the step of 
providing the tool is further de?ned as providing the tool 
having a thermal conductivity greater than 150 W/m K. 

30. A method as set forth in claim 18 Wherein the step of 
providing the tool is further de?ned as providing the tool 
having a re?ectivity greater than the substrate. 

31. A method as set forth in claim 30 Wherein the step of 
providing the tool is further de?ned as providing the tool 
having a re?ectivity of at least 65% at a Wavelength of 1000 
nanometers to re?ect the laser line of light. 

32. A method as set forth in claim 18 Wherein the step of 
providing the tool is further de?ned as providing the tool 
comprising at least one of a copper material, a gold material, 
a silver material, or an aluminum material. 

33. A method as set forth in claim 18 Wherein the step of 
providing the substrate is further de?ned as providing the 
substrate as an iron containing material. 

* * * * * 


